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■  Development  and  fielding  of  new  energetic  materials  for 
advanced  chemical  propulsion  in  space  and  missile  applications 

>  Design  energy  dense,  ionic  liquids  with  very  fast  (hypergolic) 
ignition  response 

Anion  control  hypergolic  activity, 

Cation  influences  ignition  delay  times  (I  Ds) 

Combining  energetic  functional  groups  such  hydrazines  and 
heterocyclic  rings  such  as  tetrazoles,  triazoles  etc. 
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Combination  of  energetic  functional  groups  and 

heterocycies 


Triazolium  cation 


Tetrazolium  cation 


Tetrazolate  anion 
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Synthesis  of  5-(halo-alkyl)-tetrazoles 


N — N 

NC^r  VX  NaN3,AICI3  _  u'  JL  >X 
Wn  THF ,  60  -  65°  C  N 

1,  n  =  1,  X  =  Br 

2,  n  =  2,  X  =  Br 

3,  n  =  3,  X  =  Br 

4,  n  =  1,  X  =  Cl 

Russ.  J .  Org.  Chem.,  2006,  1049 


Single  X-ray  crystal  structures  of  5-(halo-alkyl)-Tetrazoles  1-3 
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Synthesis  of  5-(hydrazino-alkyl)-tetrazoles 
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MeOH 
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Synthesis  of  5-(hydrazino-propy!)  tetrazoie 


N2H4  >  6  eq 
MeOH 
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N2H4  -3  -  4  eq 


MeOH 


2.5  :  1 
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1H  NMR  spectra  of  1,  5-trimethylene  tetrazole  (6  )  and  5- 
4 (hydrazino-  propyl)  tetrazole 
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DSC,  Single  crystal  X-Ray  structure  and2H  NMR  spectrum 

of  5-(hydrazino-propy!  )  tetrazole 


r 

o 

OHH  vor**®  y 

i— I  cr>  r-~  Hoir* 

o  m  <i>  ^ 

CM  CM  CM  CM  CM 

AM  aJIa. 

OHHADr-OSCMM'M'iflr' 
ps  Hosr'Hosr'r'iflnHos 

}  oososcDr^r^osososostD 

r  n  <M<N<N<NCNJHH  rHHH 

'WW 

1 

jl  1  1 

1  I 

3.0  2.9  2.8  ppm 

CM  *3*  "3*  r—- 

r-  in  n  H  (R 

CFS  <XS  OS  CD 

1 — 1  1—1  1 — 1  1—1  1 — 1 

LImJ! 

1  '  1  1  1  1  1  1  1  1  1  1  1  1  1 

1.95  1.90  ppm 

j 

9  8  7  6  5  4  3  2  1  ppm 

V  V  ¥ 

Distribution  A:  Approved  for  public  release;  distribution  unlimited 


Synthesis  of  5-(hydrazino-alkyl)  tetrazoie 
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X  =  Br,  Cl 


NaOH,  H20 


N - N 


NH2NH2  +  NaX 


X  =  Br,  Cl 

Difficult  to  separate  due  to  poor  solubility  of  the  zwitter  ions 

Unprecedented  in  the  literature 
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Reactions  of  crude  5-(hydrazino-alkyl)tetrazoles  with  2- 

nitrobenzaidehyde 
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Single  crystal  X-Ray  structure  and2H  NMR  spectrum 

qfjiydrazone  7 
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Synthesis  of  5  -  (hydrazino  -  alkyl)  tetrazole 

via  BOC  hydrazine 


Acidic  medium 

Amino  acid- BOC  - >  Amino  acid  ■  HCI 


Acidic  medium 

Tetrazole- R-N2H2- BOC  - >  Tetrazole- R- N2H2  ■  HCI — >  Tetrazole- R-N2H2 


>  Address  solubility  issues 

>  Solid  state  structures  of  hydrochloride  salt 

>  Hydrochloride  salt  as  substrate  for  metathesis  reaction  with  energetic  anions  e.g 
[N03],  [N3],  etc. 
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Synthesis  of  5  -  (hydrazino  -  alkyl)  tetrazole 

via  BOC  hydrazine 
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Removal  of  BOC protecting  group 


N - - 


11,  n  =  1 

12,  n  =  2 


1H  NMR  and  DSC  of  5-(hydrazino-methyl)tetrazole  mono-hydrochloride  11 
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Neutralization  of  5-  ( hydrazino-aikiy)  tetrazoie  mon- 
hydrochlorides  salts  11  and  12 
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Metathesis  reaction  of  5- (hydrazi no- methyl ftetrazoie 
_ mono- hydrochloride  with  siiyernitrate 
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1H  NMR  and  DSC  of  15 
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Synthesis  of  5-  (azido- methyl)  tetrazole 
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1H  NMR  and  DSC  of  5-(azido-methyl)  tetrazole 
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Sample:  tetCH2N3 
Size:  2.9000  mg 
Method:  Ramp 
Comment:  lOC/min 


DSC 


File:  C:...\TetC3H6N2H3  zwitter  ion.002 
Operator  yonis 
Run  Date:  30-0ct-2013  14:13 
Instrument:  DSC  Q 1000  V9.9  Build  303 
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DSC  and  2H  NMR  spectrum  of  5- (azido- ethyl)  tetrazole 
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Reaction  of  5  -  (chloro- methyl)  tetrazote  with  mono- 

met  hyi  hydrazine  (MMH) 
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Conclusion 


□  Successfully  synthesized  several  5-(hydrazino  alkyl)  tetrazole 

□  Fairly  stable,  Td  >  150,  and  difficult  to  work  with  due  poor 
solubility 

□  Bicyclic  tetrazole  derivative  formed  via  intramolecular  cyclization 

□  Generated  energetic  nitrate  salt  and  tetrazole-alkyl  azides  from 
reaction  intermediates 

□  Reaction  of  MMH  with  5-chloromethyl  tetrazole  also  leads  to  di- 
alkylated  derivative  depending  on  concentration  of  MMH 
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